Introduction: Overview of Childhood Diabetes Mellitus {#s1}
=====================================================

Burden of Diabetes
------------------

Recent trends have indicated that the incidence of diabetes is increasing rapidly worldwide ([@B1]), with a dramatic increase in prevalence in the Middle Eastern countries, among adults ([@B2]) and in children alike ([@B3], [@B4]). This trend is evidenced and emphasized by a 3% increase in the occurrence of this disease in children, in whom it manifests itself in many debilitating ways ([@B1], [@B4]).

According to the IDF Diabetes Atlas---Seventh Edition ([@B3]), the number of children (0--14 years) with T1DM in the Middle East and North Africa (MENA) Region is 60,700 and the number of newly diagnosed children each year is 10,200. According to the IDF Diabetes Atlas---eighth Edition ([@B4]), the number of adolescents in Qatar with T1DM is 592, and the number of newly diagnosed children and adolescents, per 100,000 children per year is 12.2. Other data, such as for undiagnosed cases of DM, mortality rates, and health care expenditure due to DM are given only for adults. The total health expenditure for the adult population is expected to go from 17.1 billion in 2015 to 30 billion in 2040 ([@B3]). There are many consequences due to DM and complications such as stroke, blindness, heart attacks, kidney failure, and amputations can occur. There is a major social cost due to this disease and the risks increase with age, genetic factors, and family history. Those with diabetes are likely to have double the amount of health expenditure than others ([@B3]).

It is therefore important to identify the causes of this trend and develop newer therapies through improved research that could result in the development of better treatment and care. Hence in this study, we thoroughly reviewed the published literature to try and understand the types of research reported in childhood DM in the Middle East.

Nature of the Disease---Diabetes
--------------------------------

Diabetes mellitus (DM) is a complex, chronic metabolic condition that results in hyperglycemia and is caused by an absolute or relative insulin deficiency with or without insulin resistance. Neonatal diabetes mellitus (NDM) occurs before 6 months of age and is relatively rare. Although Type 1 DM (T1DM) is the commonest form of DM observed in children, Type 2 DM (T2DM) is becoming more prevalent for this age group where the rising numbers are mostly driven by the obesity epidemic ([@B5]). Maturity Onset Diabetes of the Young (MODY) can also present during childhood. Autoimmune monogenic forms of DM are a relatively new group of diseases described in children associated with multiple autoimmunities. Other rare forms of DM observed during childhood include mitochondrial DM, syndromic forms of DM and as yet unclassified forms. Cystic Fibrosis (CF) related to diabetes, also known as (CFRD) develops in many patients over time ([@B6]). Considering that current epidemiology data about CF in the Middle East is between one in 2000 and 5,800 live births, this is an important area of research ([@B7]).

### Type 1 Diabetes Mellitus

In a six-center study conducted in the USA, 80% of DM cases were for T1DM for those \<9 years of age and 6--76% for those between 10 and 19 years of age ([@B5]). T1DM accounts for nearly two-thirds of newly diagnosed patients in the United States, who are \<19 years of age ([@B5]). In 2006, the number of children with T1DM was estimated by the International Federation of Diabetes (IDF) to be 440,000, an annual increase of 3%, with 70,000 newly diagnosed cases per year ([@B4]). Furthermore, the prevalence of cases in individuals younger than 15 years of age is estimated to rise by 70% ([@B8], [@B9]). These epidemiological data suggest an "accelerating" epidemic and serves as a useful indicator of the future burden of T1DM.

T1DM is the most common form of childhood DM and is due to a combinations of factors, such as defective autoimmunity, genetics, and environmental factors. T1DM occurs during early through mid-childhood when pancreatic beta-cells are destroyed, as a result of an autoimmune process, resulting in a lack of insulin production. The autoantibodies facilitate the destruction of the beta-cells over the years, which results in metabolic abnormalities ranging from asymptomatic hyperglycemia to frank DM. The underlying genetic or other mechanisms that trigger the onset of T1DM are not known, but \~50% of the familial clustering of genes, which increase the susceptibility risk of inheriting T1DM, are located within or in the human leukocyte antigen (HLA) complex on chromosome 6 ([@B10]). The highest risk haplotypes (such as HLA-DR4-DQ8 and DR3-DQ2) are known to confer the greatest risk for developing T1DM, particularly when occurring together. However, \~10% of patients with DM do not carry any of these high-risk HLA class II haplotypes ([@B10]).

Autoimmunity in T1DM relies on the detection of insulitis, islet cell antibodies (ICA) and activated beta-cell-specific T lymphocytes ([@B11]). These beta-cell-specific autoantibodies are thought to be the molecular markers of the diabetogenic process. Although the type of antibody a patient has is an important indicator of the disease, a patient\'s progression to develop DM can be predicted more accurately if they have an increasing number of antibodies ([@B12]). Insulin Autoantibodies (IAA) tend to appear early on in a child\'s life with other antibodies \[such as Glutamic Acid Decarboxylase (GAD65), insulinoma-2 antigen antibodies (IA-2A), and Zinc transporter-8 (ZnT8)\] appearing later ([@B13]). The presence of one or more of these autoantibodies increases the risk of developing T1DM ([@B12]).

A recent study ([@B14]) estimated the prevalence ZnT8A in juvenile-onset T1DM, to establish its utility as a standalone marker for T1DM in subjects who tested negative for other antibodies. This study ([@B14]) also investigated ZnT8A\'s co-existence with other antibodies such as GADA and insulinoma-2 antigen antibodies (IA-2A). When compared to other antibodies, prevalence of ZnT8a (31.8%) was lower than that of GADA (64.7%), but higher than IA2A (19.3%) ([@B14]). While 45% of newly diagnosed patients tested positive for ZnT8A, it was uniquely present in 26% of these patients (where patients tested negative for GADA and IA-2A) ([@B14]), which was a much higher value when compared to the unique presense of IA-2A in just two patients. Hence, this study ([@B14]) found that the combined presence of GADA and ZnT8A were better predictors of T1DM (at 97%) when compared to IA-2A. In one study ([@B15]) 32% of cases (in 12 out of 38 children in the study) with T2DM were antibody positive, where the patients were primarily obese and females of pubertal age.

### Type 2 Diabetes Mellitus

T2DM is a chronic disease, which is complex and heterogeneous in its manifestations ([@B16]). Its risk factors vary with environmental, social and behavioral patterns and are also susceptible to genetic variations. Childhood obesity is the primary cause of T2DM at a young age. The increased prevalence of obesity over the last two decades has increased the number of patients who have T2DM. In the Arab world, it is estimated that the number of diabetic patients (adults and children) will increase by 96.2% by 2035, mostly driven by the increase in T2DM ([@B17]). Although genetic factors may be contributing for the increased number of T2DM cases being diagnosed in children in the Middle East, changing the lifestyle that has resulted in urbanization, unhealthy and sedentary life and obesity due to rich food intake, have also contributed to the increased prevalence of T2DM ([@B18]).

### Maturity Onset Diabetes of the Young (MODY)

Maturity Onset Diabetes of the Young (MODY) occurs due to defects in a single gene. It can affect about 4% of diabetes patients. MODY generally occurs before the age of 25 and typically several family members might be affected (autosomal dominant inheritance pattern). Mutations in 12 different genes have been identified as causative of MODY ([@B19]). Encoding the commonest causes of MODY are mutations in the genes Hepatic Nuclear Factor 1 Alpha (HNF1A) and HNF4A and the enzyme Glucokinase (GCK) ([@B15], [@B19], [@B20]). MODY is commonly misdiagnosed as T1DM or T2DM. A diagnosis of MODY based on genetic testing can benefit patients as some of these patients can be managed by oral sulphonylreas ([@B21]).

### Neonatal Diabetes

Neonatal diabetes mellitus (NDM) is classified as an early-onset (below 6 months of life) and rare form of diabetes that affects newborns with an increased rate of incidence of 1:90,000 which is nearly four times the number previously reported ([@B19], [@B22], [@B23]). Transient NDM (TNDM) and permanent NDM (PNDM) are the two main forms of NDM, which are classified according to the duration of the insulin dependency. About 50--60% of the cases are TNDM and the disease is generally expected to resolve in \<18 months ([@B24]).

NDM in western countries is caused by defects in the *KCNJ11/ABCC8* genes, which encode for the pancreatic beta-cell K~ATP~ channel ([@B25]). However, NDM in the Middle East, among Arabic populations has a different genetic basis when compared to westerners ([@B26]). Mutations in the Glucokinase (*GCK*) gene is a frequent form of NDM in countries with high consanguinity rate since a homozygous or a compound heterozygous mutation in this gene leads to complete glucokinase deficiency that results in PNDM ([@B27]). Higher rate of consanguinity among Arabs makes PNDM mostly likely to occur as part of a recessively inherited syndrome such as Wolcott-Rallison syndrome, Fanconi-Bickel syndrome, and thiamine-responsive megaloblastic anemia and hearing loss (also known as Rogers\'s syndrome) ([@B26]).

### Maternally Inherited Diabetes

Organelles such as the Mitochondria, contain circular DNA, called mtDNA. They are inherited through the maternal allele since they are present only in the oocytes. Defects in mtDNA are suspected to cause many diseases that include diabetes ([@B28]). The defective mtDNA can gradually cause damage to the beta-cells. The m.3243A\>G mutation in the mtDNA (that codes for tRNA leucine) is the cause of this disease in over 85% of the patients. Since this disease is inherited only from the mother, it is called maternally inherited diabetes ([@B29]).

### Syndromic Forms of Diabetes Mellitus

DM may also be associated with some rare syndromes involving other pancreatic features. Some of these rare syndromes include Wolfram (or DIDMOAD for diabetes insipidus, diabetes mellitus, optic atrophy, and deafness), Wolcott-Rallison, Alstrom, Bardet--Biedl, and Rogers\'s syndrome. Wolfram syndrome is the association between DM, diabetes insipidus, optic atrophy and sensorineural deafness ([@B30]), caused by defects in the WFS1 gene that is the negative regulator of endoplasmic reticulum signaling. Wolcott-Rallison occurs due to an autosomal recessive condition (that is rare), which results in an early presentation of DM accompanied by skeletal dysplasia, growth retardation, and multisystem clinical manifestations due to defects in the EIF2AK3 gene ([@B31]). Alstrom syndrome results in loss of vision and hearing, dilated cardiomyopathy and DM ([@B32]), caused by defective ALMS1 gene. Rogers\'s syndrome is due to defects in the SLC19A2 gene. Rogers\'s syndrome comprises of megaloblastic anemia, DM and sensorineural deafness ([@B33]). The clinical features of Bardet-Biedl include rod-cone dystrophy, with childhood-onset visual loss preceded by night blindness, postaxial polydactyly, truncal obesity, and DM ([@B34]).

### Autoimmune Monogenic DM

Autoimmune monogenic DM is a relatively new group of diseases, where DM is associated with multiple autoimmune defects in these four genes: autoimmune regulator (AIRE) part of autoimmune polyendocrine syndromes (APS) ([@B35], [@B36]), forkhead box P3 (FOXP3) ([@B37]), sirtuin 1 (SIRT1) ([@B38]), and signal transducer and activator of transcription 3 (STAT3) ([@B39]). Defects that occur in any one of these genes can cause autoimmune diabetes that can affect many other organs, suggesting that in some patients, diabetes may be part of a complex autoimmune process involving multiple organs.

Rationale and Scope of This Study
---------------------------------

There are several reviews published in the literature which were specially tailored to look at studies published under DM in the Middle East (ME). [Appendix A](#SM1){ref-type="supplementary-material"} lists nine of these reviews. The first review investigates the burden imposed by DM on the Saudi population and recommends ways to mitigate this disease ([@B17]). Other reviews discuss the increasing prevalence of DM and advocate a better understanding of the epidemiology and early detection and control of DM among subgroups in the population ([@B40]--[@B42]). A third review ([@B43]) recognizes the paucity of DM related research and publications in the Middle East when compared to other advanced countries. The recommendations of this review are also along the lines of control of DM through diet and changes in lifestyle ([@B43]). A fourth review ([@B44]) recognizes that consanguineous marriages, a customary practice peculiar to the Arabic regions, can predispose the population to novel and unique genetic mutations that can cause DM. They emphasize the need for establishing a diabetes registry ([@B44]), based on Arab populations that encompasses 22 Arabic speaking countries. They reiterate that the information related to genetic variants in non-Arabic populations discovered elsewhere, will probably be irrelevant for understanding the epidemiology and underlying genetics in the ME populations. They point out that very few registries are currently available among the ME countries and is one of the studies that advocate a collaborative approach to research in DM. The remaining two reviews report on the alarming trends in DM which seem to affect an increasing number of urban, female and younger populations ([@B45], [@B46]).

Although many review papers have been published, they are limited to certain types of diabetes such as T1DM, T2DM ([@B40], [@B47]), and diabetic ketoacidosis (DKA) ([@B48]). There is no mention of other types of diabetes such as MODY, autoimmune monogenic forms and other rare forms such as mitochondrial DM and syndromic forms that can affect children. Some of these reviews are limited to only certain ME countries, where the studies took place ([@B43], [@B49]). The nature of these articles are quite diverse but are mostly limited to observational studies that advocate disease control. Some articles provide information on DM in areas outside of the Middle East ([@B50], [@B51]) and some of them do not cover pediatric populations exclusively ([@B41]--[@B45]). Hence there is a need for a comprehensive review that encompasses all the topics of interest discussed above that pertain only to children and adolescents.

Our study aims to cover all manifestations of childhood diabetes research that has been reported in the Middle East countries. It will investigate the state of research for all the sub-types of DM disease in children, to provide a consolidated and comprehensive view of the current state of affairs in DM. We are not aware of any previously published systematic reviews that have addressed these fundamental research questions on childhood DM in the Middle East.

Aims of This Study
------------------

Although childhood DM is common in the Middle East, T1DM, NDM, and syndromic forms of diabetes have a high incidence rate in this region ([@B17], [@B45]). The prevalence of diabetes has steeply increased over the years in the Middle East and the region has been increasingly burdened with childhood DM. The existing reviews do not include studies on all types of DM and there is very little information on studies that investigate the molecular basis of the disease. Hence, we undertook a systematic review of publications that relate to research on childhood diabetes in the Middle East. The key questions we wanted to address were:

a.  What types (basic, clinical, and translational) of research has been reported in childhood DM?

b.  What impact does this research have on the local population of children in the Middle East?

c.  What research strategies are in place to tackle the burden of childhood DM in the Middle East?

d.  What funding opportunities are available for childhood DM research in the Middle East?

e.  What collaborations exist between different Middle Eastern countries in childhood DM research?

We hope to make recommendations and suggestions for collaborative research related to childhood DM in the Middle East, based on the knowledge gained from this study.

Objectives {#s2}
==========

-   To systematically review the literature on childhood (aged between 0 and 18 years) DM research in the Middle East region, published between the years 2000 and 2018.

-   To summarize the results of studies reporting on childhood DM research in the Middle East.

-   To identify key areas and opportunities for research in childhood DM in the Middle East.

-   To make recommendations for collaborative research opportunities in childhood DM based on our identification of key areas that need attention to improve diabetic care.

Methods {#s3}
=======

We aim to review the state of research in pediatric diabetes in the Middle East region. We broadly follow the guidelines provided by *Agency for Healthcare Research and Quality (AHRQ) Methods Guide* for this comparative effectiveness review ([@B52], [@B53]) and *Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)* ([@B54]).

Literature Search Strategy and Study Selection
----------------------------------------------

Initially, we identified our objectives (section Objectives) and predefined our search criteria for articles based on these objectives. Four months were earmarked for the literature search and collation of articles by two analysts (SS and SAK). Three months were earmarked for the analysis and review of the articles by senior authors (KH and NE).

We undertook an extensive literature search as suggested by PRISMA ([@B54]), to recover articles of primary interest that were published in English. We used the internet to search the electronic bibliographic databases for publications reporting research studies in the Middle East that addressed problems related to diabetes in children and adolescents. The dates included in the search for these studies were over a period of 18 years, between January 1st, 2000 and October 31st, 2018. Search terms and these search strategies are detailed in [Table 1](#T1){ref-type="table"}. Articles that had any of these search terms in their titles, abstracts or keywords list, were collected. EndNote©, a reference management software, was used to share and keep track of the titles and abstracts of articles of interest. A systematic list of articles detailing the eligibility/selection criteria for each of the articles was also maintained in Microsoft© Excel and categorized according to year of publication, age, study type, study design, study size, and prevalence of each subcategory of the disease.

###### 

Search terms and search strategy.

  **Search terms and search strategy**                                                                                                                                                                                                                                                                                                                                                                                                                                                
  -------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------
  Publications                           Medical databases such as PubMed and Medline of the National Institute of Health (NIH), Pubtator (a web-based tool that uses advanced text mining methods on PubMed), journals such as NEJM, BMJ, Web of Science, Embase **(**a biomedical literature database**)**, Science Direct, journals related to endocrinology, diabetes and metabolism, Google scholar, global and local pediatric publications in GCC (Gulf Cooperation Council)   
  Population                             "Children" OR "Adolescents" OR "Childhood" OR "Infants" OR "Teens" OR "Teenagers" OR "Youths"                                                                                                                                                                                                                                                                                                                                                
  and                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Arab countries                         "Qatar" OR "Saudi Arabia" OR "KSA" OR "Bahrain" OR "Emirate" OR "UAE" OR "Kuwait" OR "Oman" OR "Egypt" OR "Yemen" OR "Iran" OR "Iraq" OR "Arabian Gulf" OR "GCC" OR "Middle East" OR "Arab"                                                                                                                                                                                                                                                  
  and                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Outcome                                Adolescent diabetes mellitus                                                                                                                                                                                                                                                                                                                                                                                                                 Insulin-dependent diabetes
                                         Autoantibody and/or antibody                                                                                                                                                                                                                                                                                                                                                                                                                 Ketoacidosis
                                         Autoimmune                                                                                                                                                                                                                                                                                                                                                                                                                                   MODY
                                         Childhood                                                                                                                                                                                                                                                                                                                                                                                                                                    Monogenic
                                         Childhood diabetes in developing countries                                                                                                                                                                                                                                                                                                                                                                                                   NDM
                                         Continuous glucose monitoring                                                                                                                                                                                                                                                                                                                                                                                                                Neonatal diabetes
                                         Diabetes mellitus                                                                                                                                                                                                                                                                                                                                                                                                                            Non-insulin-dependent
                                         Diabetic complications                                                                                                                                                                                                                                                                                                                                                                                                                       Prevalence
                                         Diabetic risk factors                                                                                                                                                                                                                                                                                                                                                                                                                        Risk factors
                                         Diabetic syndrome                                                                                                                                                                                                                                                                                                                                                                                                                            Risk of diabetes
                                         Endocrine and/or polyendocrine                                                                                                                                                                                                                                                                                                                                                                                                               Risk of diabetes in Arabian populations
                                         Epidemiology                                                                                                                                                                                                                                                                                                                                                                                                                                 Syndromic
                                         Gene mutations and/or mutations                                                                                                                                                                                                                                                                                                                                                                                                              T1D
                                         HLA and/or HLA haplotype                                                                                                                                                                                                                                                                                                                                                                                                                     T1DM
                                         Hypoglycemia                                                                                                                                                                                                                                                                                                                                                                                                                                 T2DM
                                         IDDM and/or insulin-dependent diabetes mellitus                                                                                                                                                                                                                                                                                                                                                                                              Type 1
                                         Incidence                                                                                                                                                                                                                                                                                                                                                                                                                                    Type 2
                                         Insulin pumps                                                                                                                                                                                                                                                                                                                                                                                                                                Type 1 diabetes
                                         Insulin-dependent                                                                                                                                                                                                                                                                                                                                                                                                                            Type 2 diabetes

Four hundred and eighty-six (486) articles were initially identified through a database search in PubMed, Medline, NEJM, BMJ, Pubtator, Science Direct, and Google scholar ([Figure 1](#F1){ref-type="fig"}). We obtained an additional thirty-seven (37) articles through other means such as Google search. Two analysts performed independent analysis of the titles and abstracts to eliminate articles that were unrelated or duplicated, to finally obtain four hundred and fifty-seven (457) abstracts. After removing another twenty-eight (28) irrelevant abstracts, we assessed four hundred and twenty-nine (429) full-text articles for inclusion criteria in this study.

![Article selection using PRISMA ([@B54]) methodology, as described under the Methods section, was used to select 95 articles for our review of which 53 articles relate to previous reviews (10), clinical and molecular research studies (43) in DM. The given figure is a modified version of the PRISMA methodology ([@B54]).](fendo-10-00805-g0001){#F1}

Full-content articles were downloaded for the 429 abstracts and were examined and critically analyzed by two senior reviewers (KH and NE), to evaluate their suitability and to determine any bias in the selection of articles. Articles were removed if their content related to non-Middle-East regions, non-diabetic studies, written in a language other than in English, patient age was above 18, case reports or not peer-reviewed (conference presentations). Once agreement on the included articles was reached, data was extracted from the full-text articles. We used the PRISMA methodology ([@B54]) to select the final set of articles for qualitative synthesis in our review. Ninety-five (95) articles that included previously published reviews and reference materials were collected for qualitative synthesis, where the reviews were used only for content comparison. Finally, fifty-three (53) articles, that were published in the Middle East Region that pertained only to diabetic-related clinical or molecular studies were selected for quantitative synthesis (listed in [Appendix B](#SM2){ref-type="supplementary-material"}). Of these articles, nine (9) studies were previously published reviews that were used to determine their contribution to existing knowledge and to identify gaps that are to be filled. The remaining forty-four (44) articles were then separated into sub-groups according to the nature of the disease, as seen in subtitles in section Results of this paper.

Inclusion Criteria
------------------

We included all articles that were published in the Arab countries that were related to diabetic studies on children below 18 years of age. We included only full-text publications and original articles that were published in the peer-reviewed journals ([Table 1](#T1){ref-type="table"}) between the years of 2000 and 2018. Articles that were printed locally in Arab countries ([Table 1](#T1){ref-type="table"}), in journals that related to diabetic studies on children below 18 years of age, were also included in our studies. The initial research included all types of research study designs such as meta-analysis, randomized controlled trials (RCT), observational studies, case-control, and cross-sectional studies, although those that were finally selected consisted of mostly prospective or retrospective observational studies.

Exclusion Criteria
------------------

We excluded studies that were based only on adult populations, articles that were not written in English, review articles (used only for discussing their content), conference abstracts, and case reports (with one exception that illustrates the use of diabetic monitoring devices).

Data Collection and Quality Determination for Individual Studies
----------------------------------------------------------------

For study identification and data collection, two analysts (SS and SAK) extracted and stored details of the underlying data in an excel database: These details were then used for analysis and scoring of the quality of the studies and quantitative synthesis later on. [Appendix C](#SM3){ref-type="supplementary-material"} lists sample data collection forms that were the basis for the collection of data in each study. [Appendix D](#SM4){ref-type="supplementary-material"} contains the evidence table for the 44 studies, which holds the collection of actual data from all 53 studies selected for quantitative synthesis (nine of these studies are previous reviews used for content discussion). [Appendix E](#SM5){ref-type="supplementary-material"} shows the meta-analysis for collaborative studies that involve multiple countries.

Several criteria were used to determine the quality of each study and the final score was used to classify the selected articles in this study as belonging to levels 1--4, where level-1 studies are of highest quality and level-4 is the lowest, as per the guidelines that are given by *AHRQ methods guide* ([@B52], [@B53]). Quality scores for individual studies are given in [Appendix D](#SM4){ref-type="supplementary-material"} in the evidence table. The following data and quality metrics were collected from each study. A combination of these scores was used to assign the final quality score (levels 1--4) to each study.

-   **Study type**: Was it retrospective/prospective observational study or did it involve molecular work? A higher value was given for prospective studies compared to retrospective studies, while molecular studies were given the highest preference.

-   **Study design:** Was the type of study regional/national/worldwide? was it a single/multi-center study? A higher value was given for national and/or multi-center studies.

-   **Length of study:** Studies that lasted over a year had a higher value.

-   **Patient characteristics:** studies with clearly stated details of participant numbers, age and gender were allocated a higher value. Studies with \>1,000 participants, even distribution of age groups and equal representation of each gender were valued more.

-   **Study quality:** Were outcomes predefined? Any presence of confounding elements/bias? Did the studies include many types of DM? Higher values were given for studies that had defined outcomes, had minimum bias and covered many types of DM included in the study.

-   **Study standard:** Did the study have ethical approval, declaration of no conflict of interest (COI) by all authors and was the study funded? Higher values were assigned if the studies had all or at least any two of these standards satisfied.

-   **Study outcome:** Did the study have a clear outcome/conclusion that matched its declared aim? Studies that satisfied these criteria were valued more.

-   **DM occurrence:** Incidence and prevalence of DM (per 100,000 per year), if these figures were given. Not many studies gave these values clearly in their conclusions. Hence this information was not used to rank the studies, to maintain uniformity.

The studies reviewed were widely varied in many of the criteria listed above such as the number of participants, length of study, type of study, outcomes, and disease covered. This variability did not make it meaningful to combine and compare them under one single criterion. Each study was scored under the common sets of criteria outlined above, as recommended by the *AHRQ methods guide* ([@B52], [@B53]), that *pertain to our study*. Level-1 is ranked as the highest rating and level-4 as the lowest rating. [Figure 2](#F2){ref-type="fig"} shows that there were 13 studies categorized as "level-1," which essentially had two of three criteria such as ethics approval, COI declared and/or had funding, in addition to being long term studies with large cohort. There were seven studies that were classified as "level-2," 17 studies which were labeled as "level-3" and six studies that did not meet most of the above criteria, were classified as "level-4." Technology oriented studies were not ranked. Four Molecular studies were automatically assigned high values. If there were no known COI declared then the studies did not come up to a "level-1" grade (most of these studies were from previous years, from older studies). All studies were included in this review since missing information was not a criterion used to eliminate studies. These rankings were used to determine the degree of the contribution that each study made to our article as a whole.

![Number of studies under each quality rating---based on predefined quality criteria as satisfied by each study, where level-1 is the highest rating and level-4 is the lowest rating, where the rating is determined according to the *AHRQ methods guide* recommended standards for meta-analysis ([@B52], [@B53]).](fendo-10-00805-g0002){#F2}

Data Synthesis and Analysis
---------------------------

For the methodological assessment, the following aspects were evaluated: Differentiation and classification between T1DM and T2DM, NDM, MODY, syndromic, autoimmune monogenic, insulin-dependent, estimation of prevalence and incidence.

Results {#s4}
=======

Type 1 Diabetes Mellitus in the Middle East
-------------------------------------------

### Studies Reporting on the Incidence and Prevalence of T1DM in the Middle East

The rates for childhood T1DM (prevalence and incidence) across the top ranked 10 countries is shown in [Tables 2](#T2){ref-type="table"}, [3](#T3){ref-type="table"} for the year 2015 for age \<15 years and for the year 2017 for age \<20 years ([@B3], [@B4]).

###### 

Top 10 countries for children diagnosed with T1DM for age \<15 years of age in 2015 and for age \<20 in 2017 ([@B3], [@B4], [@B55]).

  **(Rank) country/territory for \<15 years**          **Number of pediatric patients diagnosed with T1DM in 2015 for age \<15 years ([@B3])**   **(Rank) country/territory for \<20 years**         **Number of pediatric patients diagnosed with T1DM in 2017 for age \<20 years ([@B4])**
  ---------------------------------------------------- ----------------------------------------------------------------------------------------- --------------------------------------------------- -----------------------------------------------------------------------------------------
  1\. USA                                              84,100                                                                                    1\. USA                                             169,900
  2\. India                                            70,200                                                                                    2\. India                                           128,500
  3\. Brazil                                           30,900                                                                                    3\. Brazil                                          88,300
  4\. China                                            30,500                                                                                    4\. China                                           47,000
  5\. United Kingdom                                   19,800                                                                                    5\. Russian Federation                              43,100
  6\. Russian Federation                               18,500                                                                                    6\. Algeria                                         42,500
  7\. Saudi Arabia                                     16,200                                                                                    7\. United Kingdom                                  40,300
  8\. Germany                                          15,800                                                                                    8\. Saudi Arabia                                    35,000
  9\. Nigeria                                          14,400                                                                                    9\. [^\*^](#TN1){ref-type="table-fn"}Morocco        31,800
  10\. Mexico                                          13,500                                                                                    10\. Germany                                        28,600
  **GLOBAL: NUMBER OF CHILDREN DIAGNOSED WITH T1DM**                                                                                                                                                 
  Global: number of children (\<15 years) with T1DM    542,000                                                                                   Global: number of children (\<15 years) with T1DM   586,000
                                                                                                                                                 Global: number of children (\<20 years) with T1DM   1,106,200

*The numbers for 2017 are for a larger group of age \<20, but the increase in numbers is much larger than the difference in the additional number of adolescents would bring, for years 15--20*.

*The data for Morocco, extrapolated from Algeria*.

###### 

Top 10 countries for children with incidence rates (per 100,000 per year) for T1DM, for age \<15 years of age in 2015 and for age \<20 in 2017 ([@B3], [@B4], [@B55]).

  **(Rank) country/territory**                                     **Incidence of T1DM (per 100,000 per year) in 2015: for age \<15 years ([@B3])**   **(Rank) country/territory**                                     **Incidence of T1DM (per 100,000 per year) in 2017: for age \<20 years ([@B4])**
  ---------------------------------------------------------------- ---------------------------------------------------------------------------------- ---------------------------------------------------------------- ----------------------------------------------------------------------------------
  1\. Finland                                                      62.3                                                                               1\. Finland                                                      57.2
  2\. Sweden                                                       43.2                                                                               2\. Kuwait                                                       44.5
  3\. Kuwait                                                       37.1                                                                               3\. Sweden                                                       39.5
  4\. Norway                                                       32.5                                                                               4\. Saudi Arabia                                                 33.5
  5\. Saudi Arabia                                                 31.4                                                                               5\. Norway                                                       29.8
  6\. United Kingdom                                               28.2                                                                               6\. Algeria                                                      26.0
  7\. Ireland                                                      26.8                                                                               7\. Morocco[^\*^](#TN2){ref-type="table-fn"}                     26.0
  8\. Canada                                                       25.9                                                                               8\. United Kingdom                                               25.9
  9\. Denmark                                                      25.1                                                                               9\. Ireland                                                      24.3
  10\. USA                                                         23.7                                                                               10\. Denmark                                                     23.0
  **GLOBAL: NEW CASES OF T1DM**                                                                                                                                                                                        
  Global: number of new cases of children (\<15 years) with T1DM   86,000 (annual increase is 3%)                                                     Global: number of children (\<15 years) with T1DM                96,100
                                                                                                                                                      Global: number of new cases of children (\<20 years) with T1DM   132,600

*The numbers for 2017 are for a larger group of age \<20, but the increase in numbers is much larger than the difference in the additional number of adolescents would bring, for years 15--20. This data is illustrated in [Figure 3](#F3){ref-type="fig"}*.

*The data for Morocco, extrapolated from Algeria*.

The International Diabetes Federation has reported ([@B4]) that Saudi Arabia has one of the highest numbers (35,000) of children and adolescents (aged 0--19 years) with T1DM. [Table 2](#T2){ref-type="table"} shows the numbers for the prevalence of T1DM in the top 10 countries, where Saudi Arabia\'s prevalence value increases from 16,200 for ages \<15 years (ranked 7th in 2015) to 35,000 in 2017 for ages \<20 years ([@B4]), although it falls by one rank to 8th place. Although the numbers for 2017 are for a larger group of age \<20 (instead of age \<15 years), the increase in numbers is much larger even after accounting for the additional number of adolescents this would bring for the years 15--20.

All values discussed below are incidence per 100,000/year. The rates for childhood T1DM across European countries vary between 40 and 67 for Sardinia (40), Sweden (47) and Finland (\>60). This study found a higher incidence of T1DM occurring in males (1.3--2.0 times) compared to females, for children aged \>15 years ([@B55]). The global trend has generally shown a steady increase in childhood-onset of T1DM while the age of onset is much earlier than seen before ([@B55]).

In a study conducted in Eastern Saudi Arabia, over a period of 18 years between 1990 and 2007, the average incidence rate for T1DM (438 patients, \<15 years) rose from 18.05 in the first 9 years to 36.99 in the second half of the study, for an average increase of 27.52 per year ([@B56]). No significant increase in the incidence of T1DM was found in patients below 5 years of age (21% of the cohort) when compared to patients in the age group over 5 years of age. In a 5 years study (2004--2009) in North-West Saudi Arabia in Al-Madinah ([@B57]) on children below 12 years of age (419 patients) the mean age of onset was 6.9 ± 3.5 years, with an incidence rate of 29. This study found a higher incidence rate for children between 10 and 12 years of age, with the rate higher in girls (33) than in boys (22), but they did not find any significant annual increase in incident rates ([@B57]).

In a study conducted in the Al-Baha region in Saudi Arabia ([@B58]) over 10 years (2007--2016), on 471 children below 19 years of age, the prevalence rate of T1DM was dramatically high at 355, which could be cause for great concern. The female to male ratio in the cohort was 1:1.36 where T1DM was more common among girls at 57.5% compared to 42.5% among boys. This number is much higher than those given for other countries outside the Middle East ([@B55]).

The incidence of childhood T1DM varies from one country to another globally, as given for the top 10 countries in [Figure 3](#F3){ref-type="fig"} and [Table 3](#T3){ref-type="table"}. Kuwait and Saudi Arabia ranked 2nd and 4th in the world with incidence rates of 44.5 and 33.5 per 100,000 per year, for ages of children and adolescents \< 20 years. Kuwait jumped from 3rd rank in 2015 to 2nd rank in 2017, while Saudi Arabia rose from rank 5 to rank 4 (although previous ranks in 2015 were for ages \<15 years). The details for all countries are shown in [Table 3](#T3){ref-type="table"}.

![This figure gives the incidence (per 100,000 per year) for the top 10 countries in the world, according to the International Diabetes Federation ([@B4]), where, Kuwait and Saudi Arabia rank 2nd and 4th in the world with incidence rates of 44.5 and 33.5 per 100,000, for ages of children and adolescents \<20 years. \*The data for Morocco, was extrapolated from Algeria. The details for all 10 countries are shown in [Table 3](#T3){ref-type="table"}.](fendo-10-00805-g0003){#F3}

Another study from the Eastern Province of Saudi Arabia found no etiological influences in children with new-onset T1DM for any of the following factors such as, maternal age at birth, birth order, birth weight, early introduction of cow\'s milk and cereals, infections and vaccines as well as nitrate levels in drinking water ([@B59]). These factors did not explain the rising incidence of T1DM in this population ([@B59]). Data on the national prevalence of T1DM, T2DM, and pre-diabetes in childhood is limited in Saudi Arabia. In one study, the incidence rate was calculated as 109.5 per 100,000 for Saudi Arabia and fifty adolescents and children were newly identified as having T1DM ([@B60]). The prevalence rate was highest at 243 per 100,000 for the age group 13--16 years of age, in this study. This study reports that the highest rate of prevalence for T1DM was 162 in the central region, and the lowest was 48 (per 100,000) in the eastern region ([@B60]).

The Saudi Abnormal Glucose Metabolism and Diabetes Impact Study (SAUDI-DM) was used to assess the prevalence of T1DM and T2DM, as well as impaired fasting glucose (IFG) among children and adolescents ([@B61]). Socioeconomic and demographic information, clinical details and measurements on common tests \[weight, Body Mass Index (BMI), and height\] were collected from randomly selected adolescents and children who were \<18 years of age. The prevalence of diabetes in this cohort was 10.84 and 0.45% were known to have both T1DM and T2DM. Nearly 90% of the people in this study were not aware that they had diabetes. 10.39% of those in this study were newly diagnosed with either having diabetes (4.27%) or impaired fasting glucose (IFG) (6.12%). The statistics obtained from this study indicated that T1DM and T2DM were prevalent at a much higher rate than what was reported by international organizations and this included data on newly identified cases. There were many significant at-risk factors for developing DM and IFG which included data on age, gender, obesity, urbanization, higher income and the presence of lipids which are known to occur as a result of unhealthy diet and lifestyle ([@B61]).

[Table 4](#T4){ref-type="table"} summarizes the statistics from the reviewed studies that report the incidence and prevalence of DM in Middle East countries such as Saudi Arabia, Kuwait, and Qatar. The incidence for Kuwait is 41.70 in 2017 for children \<14 years of age ([@B62]). Qatar has lower prevalence at 28.39 for children between 6 months and 14 years of age when compared to Kuwait and the Kingdom of Saudi Arabia (KSA) which have higher prevalence at 39.5 and 29.8, respectively ([Table 3](#T3){ref-type="table"}). But, it still shows a 5.75% increase between the years 2012 and 2016 ([Table 4](#T4){ref-type="table"}) compared to 3--4% increase in Childhood T1DM worldwide ([@B55]) in [Table 2](#T2){ref-type="table"}. The rates for East Asian and Native Americans are very low at 0.1 and 8, which are nowhere near the higher rates for all other countries. Perhaps a comparative study that includes differences in the genome, food habits and environmental factors between these countries and those in the Middle East can help to identify causative factors that can help with DM management.

###### 

Statistics from the reviewed studies on the occurrence of T1DM in the Middle East.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Disease-country**             **Study period**   **Age (year)**   **Study type and design**   **Study size**          **Incidence (per 100,000)**                                                **References**
  ------------------------------- ------------------ ---------------- --------------------------- ----------------------- -------------------------------------------------------------------------- ----------------------------------------
  Kingdom of Saudi Arabia (KSA)   (1990--1998)\      \<19             Observational, case         119                     18.05--36.99[^![](fendo-10-00805-i0001.jpg)^](#TN3){ref-type="table-fn"}   ([@B3], [@B4], [@B56], [@B57], [@B59])
                                  to\                                                                                                                                                                
                                  (1999--2010)                                                                                                                                                       

  KSA Nationwide                  2001--2007         \<19             Survey, case                45,682                  48--162[^\#^](#TN4){ref-type="table-fn"}                                   ([@B60])

  KSA                             2010               \<15             Observational, case         438                     27.5--36.99                                                                ([@B56], [@B57])

  KSA                             2018               \<19             Observational, case         471                     355                                                                        ([@B58])

  Kuwait                          2017               \<14             Observational, case         515\                    39.3 (boys)\                                                               bib62
                                                                                                  (247 boys, 268 girls)   41.70 (girls)                                                              

  Qatar\                          2006--2011         \<14             Prospective, case           440                     23.15                                                                      ([@B47])
  (T1DM)                                                                                                                                                                                             

  Qatar\                          2012--2016         \<14             Prospective, case           440                     28.39[^![](fendo-10-00805-i0001.jpg)^](#TN3){ref-type="table-fn"}          ([@B47])
  (T1DM)                                                                                                                                                                                             

  Qatar\                          2012               5 \< age \<14    Prospective. Case           45                      1.82[^![](fendo-10-00805-i0002.jpg)^](#TN5){ref-type="table-fn"}           ([@B47])
  T2DM                                                                                                                                                                                               

  Qatar\                          2012--2011         5 \< age \<14    Prospective, case           45                      2.7--2.9[^![](fendo-10-00805-i0001.jpg)^](#TN3){ref-type="table-fn"}       ([@B47])
  T2DM                                                                                                                                                                                               

  Iran                            2000--2015         \<15             Observational, case         988                     13.35[^![](fendo-10-00805-i0003.jpg)^](#TN6){ref-type="table-fn"}          ([@B49])
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Unadjusted rate. This is an increase of 5.24 since 2011, with 90% CI of 31.82--40.03*.

*On an average the incidence rate was 109.5*.

*With no incidence prior to 2008 recorded*.

^![](fendo-10-00805-i0001.jpg)^*A doubling in incidence of 18.94 between the years 1998 and 2010 and ^![](fendo-10-00805-i0001.jpg)^an increase of 0.88 since 2012*.

*Rapid rise from 89 to 134 to 691 new cases*.

A study from Kuwait reported the incidence of childhood-onset T1DM during the years 2011--2013 for children who were below age 14 ([@B47], [@B62]) and compared it with a previous study done in 1992--1997. This study detected an increasing trend in the incidence of T1DM from 17.7 in the previous study to 40.9 per 100,000 per year in 2011--2013 (2.3 times higher), as detailed in [Table 4](#T4){ref-type="table"} ([@B62]). They found a higher incidence rate for girls (44.1) when compared to boys (39.3) ([@B47], [@B62]). Another study from Kuwait aimed to understand the social and metabolic characteristics \[lipids, lipoproteins, apolipoproteins, lipoprotein (a), and total sialic acid\] and predisposing factors in 6--18-year old Kuwaiti children with T1DM ([@B63]). Children\'s metabolic and social characteristics were affected negatively when compared to those who were normal controls ([@B63]).

A prospective cohort study was performed in Qatar to estimate the occurrence of T1DM and T2DM among patients who were below 14 years ([@B47]). The aim was to ascertain all new cases of T1DM and T2DM in Qatar, in the only tertiary care center treating children with DM in Qatar. The results, given in [Table 4](#T4){ref-type="table"}, indicate there is an increase in the incidence rates of T1DM and T2DM between the years 2006 and 2016 ([@B47]).

Another study from Qatar compared the difference between familial T1DM and non-familial T1DM in terms of the clinical aspects and other biochemical measures such as lab results. This retrospective study, conducted between 2012 and 2016, across a cohort of children and youth with T1DM (*n* = 424), aged between 6 months and 16 years, concluded that familial T1DM was more prevalent in boys than girls (1.4:1, respectively). The prevalence of non-familial T1DM (1:1.1, respectively) did not differ between genders ([@B64]). Familial T1DM occurred relatively early in childhood (40.7% before the age of 4 years and 72% before 9 years of age) vs. non-familial T1DM which occurred relatively later in life (80% when they are over 4 years old and 40% after they were 9 years or older). Familial T1DM was more prevalent in boys vs. girls and occurred earlier in childhood compared to non-familial T1DM ([@B64]).

A recent study from Iran also found that the annual incidence of T1DM for children under 15 years of age, between the years 2000 and 2015, was 13.35/100,000 ([@B49]). Adding the 2nd study period (15 years in total), the study disclosed a rapid rise of incidence as 89, 134, and 691 new diabetes cases for the 1st, 2nd and 3rd years respectively, over a period of 5 years (where new cases were at the rate of 5 per year) ([@B49]).

[Table 5](#T5){ref-type="table"} reports on country-wise statistics on the occurrence of T1DM in the Middle East from IDF Diabetes Atlas: Country reports 8th Edition ([@B4]).

###### 

Country-wise statistics on the occurrence of T1DM in the Middle East from IDF Diabetes Atlas: Country reports 8th Edition ([@B4]).

  **Country**   **Year**   **Age**   **\# of children and adolescents with T1DM; (\# of newly diagnosed children and adolescents in 2017, per 100,000)**
  ------------- ---------- --------- ---------------------------------------------------------------------------------------------------------------------
  KSA           2017       \<19      34,981; (33.5)
  Kuwait        2017       \<19      5,496; (44.5)
  Qatar         2017       \<19      592; (12.2)
  Iran          2017       \<19      9,009; (4.0)
  Oman          2017       \<19      355; (2.7)
  Bahrain       2017       \<19      96; (2.7)

### Studies Reporting on the Autoantibody Status in the Middle East

There is limited data on autoantibody status in T1DM in the Middle East. A study was conducted on patients diagnosed with T1DM and T2DM to determine the prevalence of auto-antibodies GAD65 (GADA) and IA-2 antibodies (IA-2A) of Saudi diabetic patients living in Jeddah ([@B65]). Eight out of 99 patients who had T2DM tested positive for GADA and three of these patients (who had the disease for a shorter time) were also positive for IA-2A. Here, the association of these autoantibodies was in patients who had an early-onset of T2DM, where GADA was positive in 54% of T1DM and IA-2A was positive in 27%. All patients who had T2DM and who tested autoantibody-positive were treated with insulin therapy ([@B65]). In the Middle East, autoantibodies are likely to be found if the disease-onset is at a younger age ([@B65]). Female patients with T1DM were more likely to have GADA present ([@B65]).

The study from Qatar **(**as given in [Table 6](#T6){ref-type="table"}) ([@B66]) reviewed all clinical and biochemical data, including beta-cell autoimmunity (GADA, ICA, and IAA) over 5 years. These values were analyzed and the results were compared with other studies to measure the prevalence of autoantibodies and their relationship to related diseases. This study reports a higher rate of T1DM occurrence for Qatar compared to the other countries and they reported that these incidences increased over the study period. They also report a higher prevalence of diseases related to the autoimmune abnormalities as shown in [Table 6](#T6){ref-type="table"} and recommend regular screening of patients for these disorders ([@B66]). It can be seen from the values in this table that a larger percentage of the T1DM patients have severe autoimmune response compared to the T2DM group, for each of the categories, except for Anti-insulin Ab, where T2DM percentage for prevalence is higher.

###### 

Results of a cross-sectional study conducted in Qatar, on the antibody status in 490 T1DM and T2DM patients during 2012--2016 ([@B66]).

  **Antibody status in T1DM and T2DM (Age 0.5--16 years) over 5 years---2012--2016**                             
  ------------------------------------------------------------------------------------ ------------------------- ------------------------
  **β-cell autoimmunity**                                                              **TIDM (431 patients)**   **T2DM (59 patients)**
  Anti-GAD (Anti-glutamic acid decarboxylase)                                          75.5                      29.3
  Anti β-islet (Ab) (antibody)                                                         53.4                      29.4
  Anti-insulin Ab (antibody)                                                           40.4                      58.3
  All 3 antibodies listed above, together in a patient                                 18.4                      No one
  **Thyroid function**                                                                 **TIDM**                  **T2DM**
  Hypothyroidism (FT4 \<11.5 pmol/L)                                                   10.6                      10.0
  Subclinical hypothyroidism                                                           3.5                       8
  High TPO with normal thyroid function                                                22.7                      23.1
  High anti TPO                                                                        27.2                      34.6
  ATT IgA                                                                              5                         8.7
  ATT IgG                                                                              4.4                       Not detected
  Celiac Disease in ATT IgA and IgG positive patients                                  75% of patients (9/12)    

### Studies Reporting on the HLA Haplotypes Among the Middle East Populations

[Table 7](#T7){ref-type="table"} shows the heterogeneity in HLC class II haplotype distribution found among Lebanese and Bahrainis. This table lists the alleles, haplotypes, differing associations, and frequency of homozygous alleles ([@B67]). The results of this study, indicate that, when determining a patient\'s susceptibility to T1DM, with respect to a specific HLA haplotype, the patient\'s ethnic and racial background needs to be taken into consideration.

###### 

HLA class II haplotypes distribution among Bahraini and Lebanese T1DM patients ([@B67]).

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Heterogeneity in HLA class II haplotypes in T1DM patients**                                                                   
  --------------------------------------------------------------- --------------------------------------------------------------- ---------------------------------------------------------------
  **Types**                                                       **Bahraini-alleles and haplotypes (252 subjects)**              **Lebanese-alleles and haplotypes (189 subjects)**

  **SUSCEPTIBLE ALLELES AND HAPLOTYPES**                                                                                          

  Susceptible Alleles-shared                                      DRB1^\*^030101,\                                                DRB1^\*^030101,\
                                                                  DQB1^\*^0201                                                    DQB1^\*^0201

  Susceptible Alleles                                             DRB1^\*^040101                                                  DRB1^\*^130701

  Susceptible Haplotype-shared                                    DRB1^\*^030101-DQB1^\*^0201                                     DRB1^\*^030101-DQB1^\*^0201

  **PROTECTIVE ALLELES**                                                                                                          

  Protective Alleles-shared                                       DRB1^\*^100101,\                                                DRB1^\*^100101,\
                                                                  DQB1^\*^030101                                                  DQB1^\*^030101

  Protective Alleles                                                                                                              DQB1^\*^050101

  Protective Haplotypes-shared                                    DRB1^\*^070101-DQB1^\*^0201 and DRB1^\*^110101-DQB1^\*^030101   DRB1^\*^070101-DQB1^\*^0201 and DRB1^\*^110101-DQB1^\*^030101

  **DIFFERENTLY ASSOCIATED**                                                                                                      

  Susceptible or neutral                                          DRB1^\*^040101-DQB1^\*^0302 and DRB1^\*^040101-DQB1^\*^050101   

  Protective                                                                                                                      DRB1^\*^040101-DQB1^\*^0302 and DRB1^\*^040101-DQB1^\*^050101

  **THE FREQUENCY OF HOMOZYGOUS ALLELES**                                                                                         

  Higher                                                          DRB1^\*^03011-DQB1^\*^0201                                      

  Higher                                                                                                                          DRB1^\*^110101-DQB1^\*^030101

  **GENOTYPES**                                                                                                                   

  Major genotype                                                  DRB1^\*^030101-DQB1^\*^0201/DRB1^\*^040101-DQB1^\*^0201         

  Less frequent genotype                                                                                                          DRB1^\*^030101-DQB1^\*^0201/DRB1^\*^040101-DQB1^\*^0201
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T1DM patients in Bahrain have similar associations between DRB1 and DQB1 alleles and diabetes as was found in European populations (who may or may not have Arab descent), such as individuals in Turkey ([@B68]), Spain ([@B69]), and the United Kingdom ([@B70]). These data suggest that diabetes that occurs in children below 5 years of age indicates a high familial risk ([@B70]). On the contrary, there was only a weak association between DRB1^\*^040101-DQB1^\*^0302 with T1DM in the Bahraini population and there was no negative association with DRB1^\*^1501-DQB1^\*^06 with T1DM ([@B71]).

### Studies Reporting on Diabetes Complications

It is estimated that around 96,000 children who are \<15 years old will develop T1DM every year and between 13 and 80% of these children are expected to have DKA when they are diagnosed with T1DM. The highest number of cases were found in the UAE, KSA, and Romania and the lowest occurrences were in Canada, Sweden, and the Slovak Republic ([@B48]). The frequency of DKA is significantly greater in T1DM adolescents with a higher HbA1c level, lipodystrophy and those who had discontinued insulin treatment ([@B72]). Most of the studies relating to DKA in the Middle East are from Saudi Arabia. The UAE and Saudi Arabia have the highest frequencies (80 and 44.9% respectively) of DKA in children at the time of presentation ([@B73]).

Infections were the most common precipitating factor for DKA (82.1%) in Al-Baha, Saudi Arabia ([@B74]). An episode of DKA was the first clinical presentation of diabetes among 52 (65%) patients ([@B74]). In a retrospective study from a single center in Saudi Arabia, the predominant precipitating cause of DKA were viral infections and non-compliance to the insulin regimen of the diagnosed diabetic cases ([@B75]). In Al-Madina, Saudi Arabia, DKA affected 55.3% of the patients on disease-onset, where the average age of the patients was 6.7 years and the female: male ratio was 1.4: 1 ([@B76]).

In a study from Kuwait of all children diagnosed with T1DM, 36.7% had DKA with young children (0--4 years) at the highest risk ([@B77]). Data which was obtained from the Eastern province of Saudi Arabia shows that three-quarters of patients with T1DM had ketoacidosis on presentation ([@B78]). In a study from the Pediatric Endocrinology Clinic of the Maternity and Children Hospital, Jeddah, from 2000 to 2014, the most significant independent predictors of DKA were poor compliance with a healthy lifestyle and an excess intake of sweets ([@B79]).

Studies Reporting on the Incidence and Prevalence of T2DM
---------------------------------------------------------

A retrospective cross-sectional study addressed the prevalence of hyperinsulinism and T2DM in overweight and obese Saudi children ([@B80]). The overall prevalence of T2DM was 9.04% ([@B80]). Among children and adolescents with T2DM, the majority (62.86%) had a body mass index (BMI) ≥ 85th percentile, 37.14% had a BMI ≥ 95th percentile ([@B80]).

A retrospective study from the Al-Ain hospital from UAE characterized the features of T2DM among children and adolescents. Of 96 young people newly diagnosed with DM, 11% were identified as having T2DM ([@B81]). The clinical characteristics were: pubertal onset, female preponderance, obesity, strong family history of T2DM, high plasma glucose at presentation, adequate beta-cell reserve and antibody negativity.

A study from Kuwait determined the prevalence of T2DM among patients between the ages of 6--18 years. Children with T2DM were identified at 182 schools (50 primaries, 63 intermediate, and 69 secondaries), randomly selected, using the 2000/2001 educational districts\' registers as a sampling frame. T2DM was identified in 45 of the 128,918 children surveyed, thereby giving an overall prevalence of 34.9 per 100,000, with significantly different prevalence for males at (47.3, 95%) compared to females (26.3, 95%), with a trend for increased prevalence with age (*p* = 0.026). The final age-adjusted prevalence values for the Kuwaiti population for T2DM, in the year 2002, was 33.2, 41.6, and 24.6 for overall, male and female groups, respectively ([@B82]).

GWAS studies have successfully identified over 80 variants found in T2DM patients with small effect size where the risk for T2DM diabetes increased between 5 and 40%. A majority of these genes regulate insulin secretion while a few regulate insulin sensitivity ([@B83]). But, a recent study has indicated that T2DM variants (rs7903146 and rs4506565) in Asian and European populations are not predictors of T2DM in the Qatari population ([@B84]). Hence this study suggests that Qatari population might have different variants that might be risk factors for T2DM in this region.

Studies Reporting on the Incidence and Causes of Neonatal Diabetes Mellitus
---------------------------------------------------------------------------

Several studies conducted in the Gulf region have reported higher incidences of NDM compared to worldwide estimates reaching 1:260,000 live births ([@B85]). Incidence of PNDM is 1:31,900 in the United Arab Emirates (UAE) ([@B86]), and 1 in 21,196 live births in KSA ([@B85]), mainly as part of rare autosomal recessive syndromes. A study from Iran found that Wolcott-Rallison syndrome was a common cause of PNDM ([@B87]). In a study published in Oman, genetic abnormalities were found in 15/24 (62.5%) of their patients with PNDM ([@B88]).

Maturity Onset Diabetes of the Young
------------------------------------

The incidence of monogenic forms of diabetes in childhood has not been identified in Saudi Arabia or any of the Middle East countries ([@B89]).

Studies Reporting on Syndromic Forms of Diabetes Mellitus
---------------------------------------------------------

Autosomal recessive syndromic disorders that are generally considered rare, are highly prevalent in the Arabian Gulf region. The highest incidences worldwide were reported from Saudi Arabia in association with PNDM ([@B85]). Fourteen out of 17 (82.4%) patients had been affected due to inheriting defective genes that cause Wolcott-Rallison syndrome (41%), NDM and hypothyroidism (29.4%), Fanconi-Bickel syndrome (5.8%), and thiamine-responsive megaloblastic anemia (5.8%). Another study from Emirates reported nine out of 25 patients with PNDM (36%) with Wolcott-Rallison Syndrome ([@B86]).

Mitochondrial Diabetes Mellitus
-------------------------------

No studies have reported the incidences of childhood mitochondrial DM in the Middle East region.

Miscellaneous Forms of Diabetes Mellitus
----------------------------------------

Very little data is available on the prevalence of mutations in FOXP3, AIRE, SIRT1, and STAT3 in the Middle East, except for a few case-reports from children in the Arabian Gulf region ([@B90]).

Studies Reporting on the Use of Technology to Improve Diabetes Management
-------------------------------------------------------------------------

### Added Value in Using Insulin Pumps

A study was conducted in UAE to see if there can be better health perception and patient satisfaction after treatment, if insulin pumps were used by children and adolescents ([@B91]). The authors found that it provides more value in terms of treatment and satisfaction, irrespective of the duration of use of the insulin pumps.

### Added Value in Using Monitoring Devices That Aid Insulin Control

Another study from the UAE investigated various insulin pump functions and their efficacy in controlling blood glucose. CareLink® Pro 3 software was used for 8--12 weeks ([@B92]). They found that if the patient combines the use of Bolus wizard with frequent blood glycemic monitoring, it could help to control blood sugar levels. Another study assessed the benefits of using the flash glucose monitoring system (FGMS) in children and adolescents with T1DM during Ramadan fasting ([@B93]). They found that this device could help to fast during Ramadan, without being subject to life-threatening situations that might arise due to hypoglycemia or DKA. Another study from Riyadh, Saudi Arabia, conducted a prospective pilot study of 51 participants with T1DM where they compared the use of the flash glucose monitoring system (FGMS) against the use of continuous subcutaneous insulin infusion (CSII). They did not find much difference among users during Ramadan fasting but found that CSII helped to keep the fluctuations in glucose levels to a minimum ([@B94]).

In a study from Qatar, CSII significantly improved glucose control in T1DM children and adolescents who use a standardized protocol. A reduction of HbA1c by 1.6% was achieved after 1 year of CSII initiation ([@B95]). A report from Qatar was the first to demonstrate the use of the hybrid closed-loop system in managing a patient with T1DM that resulted in a 1.3% decrease in HBA1c value. The time in range significantly increased to 77% with sensor glucose (SG) values of 139 ± 60 mg/dl, sensor wear of 82% and an auto mode period of 84% per week ([@B96]), suggesting that immediate adjustment of the bolus wizard settings such as the ICHR, ISF, and active insulin time should be considered.

Discussion {#s5}
==========

Childhood DM is a health problem with major health implications in all regions in the Middle East. This review has highlighted the high incidence/prevalence of different types of childhood DM in this region that include NDM, T1DM, T2DM, and syndromic forms of DM. The high incidence of childhood DM in this region imposes a large economic and social burden on the population. We looked at different regions in the Middle East, where the children\'s population has been affected by DM and its various manifestations. We also discuss the type of studies that we reviewed and discuss the limitations of this study in terms of selection and language bias. Finally, we answer some of the questions for which this study sought answers, in section Aims of this Study.

Our review of the literature suggests that most of the research reported from the Middle East on childhood DM relates to a large number of a retrospective reviews of notes, a few prospective case studies, systemic reviews of the literature, questionnaire-based studies and case reports. A significant number of retrospective studies report on the incidence and prevalence of different types of DM in childhood in the Middle East and as with all retrospective studies these have the potential to be affected (to some degree) by confounding factors and bias. A few prospective studies have reported on the incidence and prevalence of T1DM.

The results of our systemic review did not find any research studies reporting on the establishment of National Childhood Diabetes Registries in any of the Middle Eastern countries. There is a lack of studies focusing on national epidemiology data of different types (such as NDM, T2DM, T2DM, MODY, and syndromic forms) of childhood DM, limited studies on the full complement of autoantibody status (GAD65, Islet, Insulin, and Zinc autoantibodies) in T1DM and HLA haplotype of different populations in the region. Only a few studies report the use of modern technological advances in the management of DM in childhood from the Middle East. Apart from a few research studies in NDM, there is a lack of studies which address the understanding of the molecular basis of rare forms of DM (which are so prevalent in this part of the world) and developing novel therapies or undertaking clinical trials for common or for these rare forms of childhood DM. Finally, it is unclear from our systemic review if there are any national or regional research funding organizations for childhood DM.

National registries hold collective information on diseases of national interest that can be used to plan and regulate healthcare delivery to the population. Childhood DM is one of the major health problems in the Middle East and yet there is no established National Children\'s Diabetes registry in any of the countries in this region. These registries can influence and improve health outcomes and reduce health care costs. The information in these registries can be used to competitive advantage by the healthcare providers by adopting best practices. Therefore, establishing National Childhood Diabetes registries is pivotal to the Middle East Region, to advance research and ensure continued health care delivery to the highest standards. National Diabetes registries have been successfully implemented in developed countries such as the United States, Australia, and England ([@B97]). Interdisciplinary efforts by registries in these countries, where data is obtained from multiple sources such as physicians, regulatory bodies, national health centers, and other care providers have helped to control and manage the disease and reduce socioeconomic costs ([@B98]).

The high prevalence of several different types of childhood diabetes including T1DM, T2DM, NDM, and syndromic forms of DM, provides a unique opportunity to develop research collaborations between the different Middle East countries. However, in our review, there were very few collaborative research studies between the different countries in this region. Government or public health organizations can play a key role in funding and promoting health care programs that will help to reduce the occurrences of chronic illnesses such as the different types of childhood DM. One such implementation program by the national center for chronic disease prevention and the centers for disease control and prevention has helped patients to manage their illnesses better ([@B99]). As T1DM is becoming so prevalent in the Middle East the establishment of a reference biochemical/immunology laboratory for measuring diabetes antibodies should be prioritized.

There is very little knowledge that relates to childhood diabetes research-funding opportunities in the Middle East as this information is not freely available. No formal joint funding organizations between different countries have been established which could fund childhood diabetes research in the Middle East. There is a dire need to establish collaborative research funding opportunities for childhood diabetes research in this region. Traditionally funding for registries has been sourced from various stakeholders who might be interested in sharing the data collected, such as foundations interested in the history, progress and therapeutic options available for diabetes, government, insurance and regulatory bodies who are interested in the long-term effects and results of traditional and optional treatments, pharmaceutical and device manufacturing companies, patient groups, private funding, and professional societies. Proactively contacting these institutions or resonding to their request for proposals (RFP) might lead to the discovery of unmet needs that can fulfill the funding requirements ([@B100]).

Organizations such as the Diabetes UK, the Juvenile Diabetes Research Foundation (JDRF) provide project grants that support high-quality basic and translational research work on the causes and treatment of diabetes. These funds help to make sure that research is progressive, proper and timely treatments are delivered to the families affected by diabetes and these families are supported and given a voice. The American Diabetes Association works with government and health administrative offices to ensure that enough resources are allocated for diabetes research. Similar funding organizations that are geared to support diabetes studies targeted to the local populations can be set up in the Middle East region.

The Middle East region has an abundant resource of patients with rare and unusual forms (for example NDM and syndromic forms of DM) of childhood DM. Patients with NDM and syndromic forms of DM are rare in the Western world but relatively common in the Middle East region. For example, Saudi Arabia and the UAE have the highest incidences of NDM anywhere in the world. This rich resource of unique patients provides an unprecedented opportunity for undertaking molecular biology research in childhood DM and developing novel therapies for these rare conditions in this region of the world. Understanding the molecular mechanisms of DM in these patients provides fundamental new insights into normal physiological mechanisms involved in the development of DM in the childhood period and for novel disease discovery. More importantly, having a genetic basis for diagnosis can greatly change patient management (for example in some cases of NDM or MODY diabetes).

However, in our review, we were struck by the lack of studies in the Middle East region which focus primarily on understanding the molecular mechanisms of the different forms of childhood DM. Several studies have reported the molecular mechanisms of some types of DM (such as NDM) but the molecular analysis was performed by collaborating with laboratories outside the Middle East region and involved sending blood or DNA samples for analysis to laboratories outside of the region. To address this issue, we suggest that a regional molecular genetics laboratory needs to be established which will serve the needs of all the countries in the Middle East for genetic testing for all forms of childhood DM. A pipeline system should be implemented so that all clinicians can send blood or DNA samples for processing to this regional molecular genetics laboratory ([Figure 4](#F4){ref-type="fig"}). This will allow the establishment of a Middle East centralized database and patient registry for all children who are genetically tested for DM.

![Shows the national research strategy for childhood diabetes, for developing a national wide pediatric diabetes surveillance and intervention system.](fendo-10-00805-g0004){#F4}

Lack of Funding Specifically for Pediatric Diabetes Studies
-----------------------------------------------------------

A random sample of 10,501 outcomes reported in the Qatar National Research Fund (QNRF) website (as of February 28th 2019) was extracted. This list consisted of publications or articles (online, journal and conference papers, book chapters, creative work, public report, and patents) that were reported as products of 1,223 unique grant awards over the past years. Of these publications, only 89 grants have the keyword "diabetes" in their title, but none of these 89 titles include the keyword "pediatric." There were only five titles among the list of 1,223 grants, which had the word "pediatric," but none of these studies were related to diabetes. Hence it is reasonable to estimate that there is no specific funding specifically for pediatric diabetic studies and there might be very few exceptions in more recent years, for which publications are yet to be reported under the grants.

Limitations of This Study
=========================

This study has several limitations. Firstly, we were not able to establish if there are any local or regional organizations (like Diabetes UK or JDRF) which traditionally dedicate funding for childhood diabetes research in the Middle East. This information was not easily accessible anywhere. It is possible that there are childhood diabetes research funding institutions in the different Middle Eastern countries but we were not able to capture this information. Secondly, we excluded case reports (with one exception) as a measure of research activity and there were a large number of cases published on patients from the Middle East region so this may well be underreported and introduce bias in our analysis. Thirdly there were some publications that report diabetes research outcome measures in both children and adults together. These were again excluded in the final analysis and could represent a source of bias.

Limitations Due to Selection Bias in Using Only English Language Articles
-------------------------------------------------------------------------

A meta-analysis of 303 studies, has been conducted by Juni et al. ([@B101]) to estimate the effect of language bias introduced due to the selection of only English language articles and omission of other language articles published in local journals. Their study found that non-English language articles on trials had a lower number of participants and in some cases reported more significant results. In addition, the quality of the methodology in non-English reviews was lesser than it was in English language articles. In some studies, treatment effects were generally shown to be higher in non-English language publications but were shown to be lesser in other publications. This study concluded that there might be very little difference (as little as 5%) in estimates of treatment effects that were published in English vs. non-English language trials, while there were mixed benefits shown in other studies that were not conclusive. In another study conducted by Egger et al. ([@B102]) the authors found that study authors chose English language journals when the results of their studies were more statistically significant \[with an odds ratio of 3.75 (95% CI 1.25--11.3)\] than when the results were less significant. So, although we recognize that there might be a bias in our review by including only English language articles, there is no clear evidence one way or the other that establishes definite bias if authors select only English language articles. Hence, we opted to include only English language articles.

Limitations Due to Bias in the Selection of Types of Studies
------------------------------------------------------------

Many of the studies we reviewed were retrospective or prospective observational studies and not interventional or translational. We found that an overwhelmingly large number of papers were publications that were related to non-Arabic or mixed Arabic cohorts related to DM. Most studies were based only on adult populations and comparatively lesser publications were centered on the pediatric populations, which could introduce some population bias in the information obtained. Many of the 43 studies were clinical with only four studies that were considered to be molecular. There were only three studies related to technology. Hence there could be bias in the selection of the type of study due to the non-availability of literature in terms of molecular studies and technology evaluating studies. We also found that there were not many collaborative studies where more than one country was involved. [Figure 5](#F5){ref-type="fig"} gives the number of collaborations for each study, which ranges from single country studies to one that has up to seven countries involved in a study.

![Shows the number of collaborative research studies in the Middle East, with studies involving only one country (28 studies) to some that involve many countries, the highest being seven countries in one of the studies.](fendo-10-00805-g0005){#F5}

Key Questions That Were Answered in This Study
==============================================

a.  What types (basic, clinical, and translational) of research has been reported in childhood DM? There were no basic or translational research studies. Mostly there were clinical studies, with a few molecular and technological studies.

b.  What impact does this research have on the local population of children in the Middle East? These studies were very relevant to the local population but the emphasis was on the management of the disease rather than on offering better and improved treatment options.

c.  What research strategies are in place to tackle the burden of childhood DM in the Middle East? An increasing number of molecular studies are taking place that identifies factors pertaining to the local population. This can improve the standard of health care for the local population.

d.  What funding opportunities are available for childhood DM research in the Middle East? Only six of the 44 projects were funded in this review. Increasing funding opportunities for childhood DM research is imperative.

e.  What collaborations exist between different Middle Eastern countries in childhood DM research? We found that most studies (28) were stand-alone and performed in one country only, whereas there were other studies where several countries were involved ([Figure 5](#F5){ref-type="fig"}), where the number of collaborating countries ranges from 2 to 7.

Conclusions and Recommendations {#s6}
===============================

Childhood DM is a major health burden for the Middle East region which needs to be addressed urgently. The incidences of both T1DM and T2DM in childhood are increasing rapidly in the Middle East region and urgent research efforts are needed to be focus on understanding the reasons behind this. Comprehensive national and regional epidemiological data on all types of childhood DM needs to be collected and databases set up. National and regional funding schemes for basic and translational childhood diabetes research should be established with support from central governments. The challenges of childhood DM can only be tackled by undertaking focused research which addresses the issues of regional collaboration, establishing a regional molecular genetics laboratory, building comprehensive epidemiology data, focusing on understanding disease mechanism/s and pathophysiology and establishing a regional childhood diabetes research funding organization. As the field of childhood DM advances and new treatments come on board, the Middle East region should be prepared to embrace and implement the new state of the art research \[such as possible islet transplantation, stem cell-based therapies, induced pluripotent stem cell (iPSC) based treatments and immunomodulation therapies\] that will benefit patients and undertake clinical trials of potential new therapies for childhood DM. The rich resources of the Middle East need to be channeled so that all children with DM in the Middle East will benefit from such translational research. A new generation of scientists, beta-cell physiologists, epidemiologists, diabetologists, and physicians looking after children with DM need to engage, collaborate, and develop a strategic vision so that they can make strides in this extremely important research area. These initiatives have the potential to manage the burden of childhood DM in the Middle East and improve the quality of lives of all children with diabetes. Investing in and funding basic and translational childhood diabetes research will bring enormous benefits financially, economically, and socially for the whole of the Middle East region.
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